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Abstract- We present results ofecent
kinetic Monte Carlo simulations of the
effect of annealindgime and ramprate on
boron transient enhanced diffusion
(BTED) in low energy ion implanted
silicon. The simulationsise adatabase of
defect and dopant energetics derived from
first principle calculations. Wdiscuss the
complete atomistic details of defect and
dopant clustering durintghe anneals, and
the dependence dforon TED on ramp
rate. The simulations proviede eomplete
time history ofthe evolution of theactive
boron fraction during the anneal for a wide
variety of conditions. We also studied the
lateral spreading ofthe boron during the
annealing for two different conditions,
furnace anneal and ramp anneal.

I. Introduction

As the device size shrinks it becomes more
and more important to understand and
guantify phenomenasuch as transient
enhanceddiffusion of dopants such as
boron. Models that predithe behavior of
boron  during different  annealing

understandall the processesoccuring
during the implantation and annealing of
these venjow energyimplanteddopants,
such as the interaction of tlepants with
the surface. Moreover, in order t@duce
the thermalbudget forthe production of
such devices, new hightemperature
processesare being used [2]. These
anneals consist, mostly, onthe rapid
increase of the temperatureyith ramp
rates from 75 C pesecond, to as fast as
150 C/s, taemperatures as high 4950

C. This differs fromthe conventional
furnace anneatluring several minutes at
medium temperatures, 800 C . In this
paper we present a first approach to the
understanding oftthe ramp rate on the
activation ofboron atoms. We udenetic
Monte Carlo simulations, following the
approach by Heinisch to studwdiation
damage problems in metals [3]. This
kinetic Monte Carlo simulation,uses as
input parameters the migration energies of
vacancies, interstitials andloron atoms,
the binding energies of clusters of defects,
both vacancies and interstitials anuxed
clusters, such as tho$ermed by boron
atoms and silicon self-interstitials. The
values for these energies have been

conditions are necessary to reduce the costextractedfrom a variety of simulations.

in the development of futurdevices. For
these models to be predictive they must
include all the physical phenomena
underlying the macroscopic effect of
enhanced Boron diffusivity. In particular,
ultra shallow profiles [1] presenmany
challenges for the construction of
predictivemodels.Severalissues must be
investigated in order to

The energetics for boron migration and for
the binding energies ofB-1 clusters
calculated by Zhu [4, 5] have been used in
this simulation. The diffusivities and
binding energies of small clustensed in
the modelwere calculated by G. Gilmer
[6] using molecular dynamics simulations
with the Stillinger-Weber interatomic
potential.  The different energies for
migration and binding set theate for
migration and dissociation of defects and



clusters. Jumpistances are set thrst
nearest neighbors. For madetails on the
simulation model seegef. [7, 8]. We
simulate the implantation of 1 keBoron

to a dose of 10 ions/cni into silicon
using this model.The damage produced
by the energetic particlesiere obtained
using a binary collision model, UT-
Marlowe [9], proved to give accurate
distribution profiles for energies as low as
1 keV in the case of boron. Individual ions
are included in the simulatidoox at arate
given by thedose rate, in thigase 16
ions/cm/s.
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Following the inplantation we have
studied the evolution of thdoron for
different annealing conditions, the
conventional furnace anneal 890 C for
30 minutes, andamp anneals to a final
temperature of1050 C, with different

ramp rates. Fig 1. Evolution of the boron clusters
during annealing from 27 C to 1050 C
with temperature increase of 150 C every
Il Results second. The left axis shows the
] concentration of different boron clusters,
After the final dose hasbeen  BJ, BI2 and B3I. The right axis shows the

reached most othe Boron is forming  percentage of Boron active in the sample
cluster of the type B(one boron and one  during annealing.

silicon self-interstitial) orBI2 (one boron
and two self-interstitials) Vacancies are
forming small clusters (size 2 or 3) and

interstitials are mostly single. Only 25% of After the implantatioronly ~25%
the total implantediose isactive after the  of the total implanteddose is activeAfter
implantation. Fig 1 shows the evolution of 2 secondsthe amount ofboron active
the boron clusters fahe annealing of the  increases rapidly until it reachesaximum
sample up to a temperature B850 C,  value 0f58% ofthe total implantediose.
with a temperature increase of 150 C every \We shouldpoint out that ~30% of the
second. Orthe rightaxis we present the  jmplantedboron atomsaccumulate at the
concentration ofboron in clusters as a surface. The interaction of thedopants

function of time. As we mentioned earlier, with the surfaces needs to lievestigated
after implantation most of the boron in more detail.

clusters are of the type Bl aigl2. As the
temperature increases biggetboron
clustersgrow, such as B3I. Irnhe right
axis of fig 1 weshow the percentage of
boron active during the annealing(solid
line).
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Fig 2. Percentage of boron active during
annealing from 27 C to 1050 C of a 1 keV
B profile, 13*ions/cnt and for different
ramp rates as a function of (a) annealing
time and (b) annealing temperature.

We have done simulation®or different
ramp rates and the same final temperature,
1050 C.Ramp rates between /s and
200 C/s were considered inthese
simulations. In fig 2(a) we show the result
values of the percentage bbron active
during annealing fothese ramp rates as a
function of annealing time. Obserteat,

as expectedthe maximum activation is
observed akarlier times as the rampte
increases. Fig 2(b) showke percentage
of active boron for the different ramp rates
as a function of annealing temperature.
Observe thator all caseghe activation of
boron occurs in a narrow temperatgia,
between350 C and 600 Cindependently
of the different ramprates. Wecan not
extract any conclusions about the different
total activations at thend of theanneal,
since the differencesbservedare in the
error of the calculation. Ador the final
boron concentration profile, regnificant
differences were observed in the
simulations forall the different ramp rates
studied.

We have simulated the furnace
anneal of the 1lkeV B profilefor a
temperature of 800C and a totiahe of 60
minutes. Fig 3 showthe concentration of
the boron as a function of depth for the as-
implanted profile, furnace anneal and
anneal at a ramp df50C/s up to 1050 C.
The larger broadening mbserved for the
case of furnace anneal. For a concentration
of 1017 cm-3,the profile broadens to a
depth of 110nmfor the case of furnace
anneal while only to 80nrfor the case of
a ramp anneal. We also studibe lateral
spreading of the implanted profile. For the
case of furnace annea?.3% of the
implantedboron diffused undethe gate
while only 0.9% of the implantedboron
diffused in the ramp case.

We can conclude that ramp anneals
provide of a largeactivation of theboron
than in the case of furna@mneals, with
smaller boron enhanceddiffusion. More
simulations are on thaay in order to
studythe effect of the ramp anneal on the
final amount of boron active.
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Fig 3. Boronconcentration as a function
of depthfor as-implanted, keV B, 10*
ions/cnt, furnace anneal &00C for 30
minutes, and aramp anneal to a
temperature ofL050 C, withtemperature
increase of 150 C per second.
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